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Abstract: 
Background: Diabetic ketoacidosis (DKA) is the final consequence and life-
threatening complication of severe insulin deficiency in type 1 diabetes with 
occurrence of 20-40%. The aim of this study was to investigate the incidence 
and predisposing factors of DKA and its consequences. 
Methods: This retrospective study was performed on 128 diabetic patients in 
Amirkola Children’s Hospital in 2005-2013. Patients' data were recorded in a 
predetermined questionnaire. The data were analyzed using SPSS.18. 
Results: Of all 128 hospitalized diabetic patients, 103 patients (80.5%) were 
referred for the first time and 25 (19.5%) patients were previously treated with 
insulin. Of total 128 patients, 71 (55.5%) had some degree of ketoacidosis that 
severe ketoacidosis was the most common form (in 36 cases; 50.7%). Among 
patients with the diagnosis of ketoacidosis (71 patients), 54 patients (76%) 
presented with DKA as the first symptom of diabetes. Generally, the 
predisposing factors of ketoacidosis were seen in 39 (54.9%) patients, which 
were due to infections and insulin therapy discontinuation in 27 (69.23%) and 
12 (30.76%) of them, respectively. In patients with previous diagnosis of 
diabetes mellitus and history of admission with diabetic ketoacidosis, 70.58% 
had previous treatment cessation. 
Conclusions: In the current study, the incidence of ketoacidosis was high 
(55.5%). This subject seems to be related to lack of information about diabetes 
mellitus among population who require the universal education. On the other 
hand, in respect to high incidence of DKA among patients with cessation of 
previous insulin treatment, rigorous and complete training of them is critical. 
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Introduction: 
Diabetes mellitus is a common and chronic metabolic syndrome which its 
major biochemical aspect is hyperglycemia 
[1, 2]
 and is divided into two 
categories -type 1 and 2. Type 1 diabetes caused by the destruction of 
pancreatic beta cells by different autoantibodies. It is also determined by the 
low production of insulin or its absence in the body and it is necessary to inject 
insulin for preventing the serious complications such as diabetic ketoacidosis 
[1, 
3]
. Symptoms such as polyuria, polydipsia, weight loss, nocturia, difficulty in 
weight gaining, vaginal candidiasis, recurrent skin infections, irritability and 
dysfunction in homework appear in diabetic children 
[1, 4]
. The incidence of 
type 1 diabetes is rising rapidly in some specific areas. About 40% of patients 
with this type of diabetes are aged less than 20 years and the highest incidence 
is belonged to two levels of age- the age of 5-7 years and the maturity age 
[1]
. 
Serious complications such as cerebral edema which is in fact most common 
cause of death in diabetic ketoacidosis, can occur during the treatment of this 
disease 
[5, 6]
. Radiographic imaging is frequently unhelpful in making the  
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diagnosis of cerebral edema. Consequently, each 
patient must be closely monitored, including frequent 
neurologic checks for any signs of increasing 
intracranial pressure, such as a change of 
consciousness, depressed respiration, worsening 
headache, bradycardia, apnea, pupillary changes, 
papilledema, posturing, and seizures.
 [1, 7]
  
 In addition, abnormalities such as hypoglycemia, 
hyperkalemia, hyperkalemia, hypokalemia and 
hyponatremia can arise and it requires tight monitoring 
during the treatment of diabetic ketoacidosis 
[8-13]
. 
Mortality rate in diabetic ketoacidosis is 0.15-5% 
[6, 10]
. 
The most common predisposing factors of diabetic 
ketoacidosis are infections, cessation of previous 
insulin therapy and new onset of diabetes
 [8, 13]
. 
Diabetic ketoacidosis is a life-threatening and medical 
emergency 
[6, 8, 10, 13]
 and it is more common in younger 
than in adult 
[13]
 and the lack of early treatment is 
accompanied by high mortality 
[8]
. 
Since diabetes is the most common endocrine 
disorder and the ketoacidosis is considered as a 
medical emergency, we decided to investigate the 
frequency of symptoms, clinical signs, predisposing 
factors and its complications during the years of 2005-
2013 in Amirkola Children’s Hospital. 
 
 
Methods: 
This cross-sectional study was conducted on 128 
diabetic patients referred to Amirkola Children’s 
Hospital during 2005-2013. Data about current patients 
were obtained in admission time at the emergency 
room and pediatric ICU ward. In new cases, the blood 
sugar of children hospitalized with polydipsia, 
polyuria, and weight loss signs, were checked using the 
Glucooxide method from Pars Azmoon (Iran) kit and 
diabetes was diagnosed according to diabetic diagnosis 
criteria (table 1) 
[1]
, then a careful study of the arterial 
blood gas (ABG) was performed whether the patient 
had the diabetic ketoacidosis or not (table 2)
 [1]
.  
During hospitalization, the patients were evaluated 
in terms of the probable risk of various infections, 
electrolytes (sodium, potassium, glucose) and 
consciousness. Sodium and potassium, venous blood 
glucose and capillary blood glucose were determined 
by Ion Selective Electrode (ISE) device, Glucooxide 
method from Pars Azmoon (Iran) kit and glucometer 
ACCU-CHEK (Roche Company in Germany), 
respectively. 
The study was approved by the local Ethics 
Committee of Babol University of Medical Sciences 
and all obtained information was recorded in the 
questionnaire. The data were then analyzed using 
SPSS18, Chi-Square test and T-test (P-value <0.001 
was significant). 
 
 
Results: 
Totally, 128 patients were surveyed in the present 
study. The incidence of ketoacidosis was high (55.5%). 
Seventy (54.7%) of them were male and 58 (45.3%) 
were females, respectively. The mean age of the 
children was 8.57±3.27 years with a median of 9 years. 
There was no significant difference in the admission 
time in various months of year.  
Most cases (35 persons) were referred to hospital in 
summer while the least cases were visited in autumn 
(28), respectively. 
The average time from onset of symptoms to the 
admission time was 14.5±17.7 days with a median of 7 
days. In a Total, 103 patients (80.5%) were referred to 
the center for the first time and they had no history of 
previous diabetes but 25 patients (19.5%) were 
previously treated with insulin and 8 (6.25%) cases had 
a positive familial history. 
The most common symptoms of patients were 
polyuria and polydipsia in 111 individuals (86.7%) at 
the first time of their admission. Weight loss, nausea 
and vomiting, nocturia and abdominal pain were 
observed in 77 (60.20%), 39 (30.9%), 17 (13.30%) and 
34 (26.6%) patients, respectively. 
Seventy-one (55.5%) of the patients had some 
degree of ketoacidosis that in terms of severity, the 
severe ketoacidosis with frequency of 50.7% (in 36 
cases) was more common than others. After that, mild 
and moderate ketoacidosis were 14 (19.7%) and 21 
patients (29.6%), respectively.  
Fifty four patients (76%) of total 71 patients had 
diabetic ketoacidosis as a first presenting sign. The 
relationship between the symptoms (each of them) of 
immediate admission was compared to the severity of 
ketoacidosis. Only nausea and vomiting were 
significant with p-value<0.001 that represented the 
severity of ketoacidosis. In addition, there was no 
relationship between other symptoms and the severity 
of ketoacidosis. Thirty-four (47.88%) of 71 patients 
with ketoacidosis had nausea and vomiting. 
Generally, the predisposing factors of ketoacidosis 
were seen in 39 (54.9%) patients, which were due to 
infections and insulin therapy discontinuation in 27 
(69.23%) and 12 (30.76%) of them, respectively (Table 
3). There was no relationship between the severity of 
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ketoacidosis and infection as predisposing factors of 
ketoacidosis (p-value>0.001).  
Another predisposing factor of diabetic 
ketoacidosis was discontinuing of previous insulin 
therapy including the treatment stop arbitrarily, 
cessation of doing the doctor’s order, lack of access to 
drugs and insufficient awareness of the disease. Twelve 
patients (17%) of 71 had cessation of previous 
treatment as a predisposing factor of ketoacidosis, that 
9 (12.67%) and 3 (4.33%) of them had arbitrary cutoff 
and lack of information, respectively. On the other 
hand, doctor prescription and lack of access to 
medicines weren't seen in these patients. 
In this study, 25 patients had a prior history of 
diabetes that 17 patients were admitted with 
ketoacidosis and 12 of 17 patients (52.9%) had history 
of Insulin therapy discontinuation (Table 3). Moreover, 
32 cases (45.07%) of 71 patients did not have any risk 
factors according to our investigation. In terms of 
complications during treatment, hypokalemia, 
hyperkalemia, hyponatremia and hypernatremia were 
observed in 15 (21.12%), 11 (15.49%), 20 (28.16%) 
and 8 (11.26%) patients, respectively. 
In the present study, 25% and 27.8% of individuals 
with severe ketoacidosis suffered from hypokalemia 
and hyponatremia, respectively. The P Value<0.001 
was obtained in this study about relationship between 
the severity of ketoacidosis and the abnormalities of 
potassium and sodium, which indicated the direct 
relationship between these two items and the greater 
severity of ketoacidosis causes the more electrolyte 
abnormalities. There was no relationship between the 
severity of diabetic ketoacidosis and glucose 
abnormalities (P Value>0.001).  
None of the patients experienced cerebral edema 
during the time of hospitalization. All of patients were 
discharged from the hospital with general good 
condition and the mortality rate was zero. 
 
Table 1. Diagnostic Criteria for Impaired Glucose Tolerance and Diabetes Mellitus 
 
 
 
 
 
 
 
 
* Symptoms include polyuria, polydipsia, and unexplained weight loss with glucosuria and ketonuria. 
** Results should be confirmed by repeat testing if in absence of unequivocal hyperglycemia, OGTT, oral glucose tolerance test. 
 
Table 2: Classification of Diabetic Ketoacidosis 
 Normal Mild Moderate Severe 
CO2 (mEq/L, Venous)* 20- 28 16- 20 10- 15 < 10 
pH (Venous)* 7.35- 7.45 7.25- 7.35 7.15- 7.25 < 7.15 
Clinical No Change Oriented, alert but fatigued Kussmaul 
respirations, oriented 
but sleepy; arousable 
Kussmaul or depressed 
respirations; sleepy to 
depressed sensorium to coma 
*CO2 and pH measurements are dependent on method; normal ranges may vary. 
Severe Hypernatremia (corrected Na> 150 mEq/L) would also be classified as severe diabetic ketoacidosis.  
 
Table 3. Frequency of predisposing factors of ketoacidosis 
Predisposing Factor N (%) Total N (%) 
Infections 
Respiratory 17 (24.30) 
27 (69.23) 
Gastrointestinal 3 (4.30) 
Urinary tract 2 (2.80) 
Hepatitis 1 (1.40) 
Otitis 1 (1.40) 
Chickenpox 1 (1.40) 
Orchitis 1 (1.40) 
Mucormycosis 1 (1.40) 
Cessation of treatment 
Arbitrary cutoff 9 (12.67) 12 (30.76) 
Lack of information 3 (4.33) 
Total 39 (54.9) 
 
Impaired Glucose Tolerance Diabetes Mellitus 
Fasting glucose 100-125 mg/ dL (5.6-7.0 mmol/L) 
2-hr plasma glucose during the OGTT ≥140 mg/dL, 
but <200 mg/dL 
(11.1 mmol/L) 
Symptoms* of diabetes mellitus plus random or casual 
plasma glucose ≥200 mg/dL (11.1 mmol/L) or 
Fasting (at least 8 hr) plasma glucose ≥126 mg/dL 
(7.0 mmol/L) or 
2 hr plasma glucose during the OGTT ≥200 mg/dL 
or Hemoglobin A1C ≥6.5%** 
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Discussion: 
According to this study, frequency of ketoacidosis 
among our hospitalized patients with diabetes mellitus 
was 55.5%. This frequency was 42% in the study of 
W.Jackson et al.’s [17]. Sharifi et al.’s studied on 114 
diabetic patients. They concluded that 37.5% had 
diabetic ketoacidosis among those who suffered from 
acute complications 
[12]
. Maniatis et al.’s conducted a 
study on 383 patients in America and 28.4% of them 
suffered from diabetic ketoacidosis 
[26]
. Our results 
were relatively higher than other reports that maybe 
due to lack of information on diabetes mellitus between 
families and general population and medical 
community. 
Diabetic ketoacidosis was the first symptom of 
diabetes in 76% of our patients. The frequency was 
65.9% in the study of Demirbilek et al.’s [29]. In a study 
performed by Moayeri et al.’s 37.3% cases of 83 
patients had diabetic ketoacidosis as the first 
manifestation of diabetes 
[11]
. 
In the present study, the time from the onset of 
symptoms to hospital admission was 14.5±17.7 days 
(minimum 1 day, maximum 90 days) but it was lower 
(9.4±9.5) in the study of Shiva et al.’s [19]. 
In this study, 50.7% of all cases with DKA had 
severe ketoacidosis in Razavi's study on 200 patients, 
54.5% of patients had severe ketoacidosis, too 
[16]
. As 
observed, the most common symptoms were polyuria 
and polydipsia (together) with 86.7% in the present 
study while the most common symptoms were polyuria 
(66%) and nausea and vomiting (64%) in Rafiee's 
study 
[9]
.  
In a study of Razavi, the prevalence of polydipsia, 
polyuria, weakness and abdominal pain was 85.4%, 
83.3%, 68.8% and 52.1%, respectively 
[16]
. The 
frequency of nausea and vomiting in patients with 
ketoacidosis was 47.88% in the current study but it was 
33.3% in the study of Razavi 
[16]
. Generally, the 
predisposing factors of ketoacidosis were seen in 39 
(54.9%) patients, which were due to infections and 
insulin therapy discontinuation in 27 (69.23%) and 12 
(30.76%) of them, respectively. Moreover, Sheykhol 
Eslami et al.’s stated that 40% of patients had 
infections and the most common of them was urinary 
tract infection with 54% 
[10]
. 
Another predisposing factor of ketoacidosis in our 
study was discontinuation of treatment in diabetic 
patients treated with insulin that 70.58% of them had 
previous treatment cessation, while Rezvanfar et al.'s 
studied on 30 patients 50% of patients had 
discontinued insulin 
[8]
. Mashayekhi et al.’s performed 
a study on 50 patients over 5 years and 52% of patients 
had discontinued treatment in their study 
[23]
. Rafiee 
was performed the study on 33 patients and he 
expressed that the cause of repeated ketoacidosis in 
75% of cases was due to the lack of access to syringes 
and insulin 
[9]
. 
In the present study, there was no specific cause for 
developing ketoacidosis (infection or cessation of 
treatment) in 45.07% of the patients, but this rate was 
12% in the study of Bakhsaayesh et al.’s. [18].  
In terms of the complications during the treatment, 
hypokalemia, hyperkalemia, hyponatremia and 
hypernatremia were observed in 15 (21.12%), 11 
(15.49%), 20 (28.16%) and 8 (11.26%) patients, 
respectively and in a study by Mashayekhi et al.’s 
hypokalemia, hyperkalemia and hypoglycemia were 
observed in 24%, 22% and 8% of patients, respectively 
[23]
.  
Cerebral edema is a serious and life-threatening 
complication of diabetes but none of our patients 
experienced which is similar to the result of Muir et 
al.’s [11]. The mortality rate in the current study was 
zero while it was one in the study of Nakhjavaniet et 
al.’s on 45 patients with diabetes mellitus in this center 
owing of DKA; however, Sharifi reported the mortality 
rate was 11.1% in his study 
[12]
. 
By considering a common pattern of ketoacidosis in 
hospitalized patients in this study in comparison with 
other studies, it seems that the lack of information on 
diabetes mellitus in children among general population 
and medical community is an important factor so better 
training is necessary for all health care workers and 
also the community. 
In addition, due to the significant statistics of 
ketoacidosis in patients with a diagnosis of diabetes, it 
needs more training on the continuous proper treatment 
of diabetes and further medical care. 
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